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(54) Phase change ink printing architecture suitable for high speed imaging 



(57) A method of offset printing in an ink jet printer 
(10), the method comprising the steps of: 

a) creating relative motion between a support sur- 
face (14) and at least one print head module (12); 

b) applying a liquid to at least a portion of the sup- 
port surface (14) to form a liquid intermediate trans- 
fer surface (9) on the support surface (14); 

c) forming at least a portion of a complete ink image 



on the liquid intermediate transfer surface (9) in a 
single pass between the support surface (14) and 
the print head module (12) by applying drops of ink 
(23,25) to the liquid intermediate transfer surface 

O);. 

d) transferring at least a portion of the complete ink 
image to a final receiving medium (1 1); and 

e) performing steps (a) through (d) simultaneously. 
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Description 

[0001 J This invention relates generally to an apparatus 
and method for high speed imaging in an ink jet printing 
system and, more specifically, to an apparatus and 
method that utilize multiple stationary print heads to 
print full color images by performing all of the printing 
process steps simultaneously. 

[0002] Ink jet printing involves ejecting ink droplets 
from orifices in a print head onto a receiving substrate to 
form an image. The image is made up of a grid-like pat- 
tern of potential drop locations, commonly referred to as 
pixels. The resolution of the image is expressed by the 
number of ink drops or dots per inch (dpi), with common 
resolutions being 300 dpi and 600dpi. 
[0003] Ink-jet printing systems commonly utilize either 
direct printing or offset printing architecture. In a typical 
direct printing system, ink is ejected from jets in the print 
head directly onto the final receiving substrate. In an off- 
set printing system, an intermecfiate transfer surface, 
such as a liquid layer, is applied to a support surface, 
such as a drum. The print head jets the ink onto the 
intermediate transfer surface to form an ink image ther- 
eon. Once the ink image has been fully deposited, the 
final receiving substrate is then brought into contact with 
the intermediate transfer surface and the ink image is 
transferred and fused to the final receiving substrate. 
[0004] U.S. Patent 5,389,958 entitled IMAGING 
PROCESS and assigned to the assignee of the present 
application is an example of an indirect or offset printing 
architecture that utilizes phase change ink. The inter- 
mediate transfer surface is applied by a wicking pad that 
is housed within an applicator apparatus. Prior to imag- 
ing, the applicator is raised into contact with the rotating 
drum to apply or replenish the liquid intermediate trans- 
fer surface. 

[0005] Once the liquid Intermediate transfer surface 
has been applied, the applicator is retracted and the 
print head ejects drops of ink to form the ink image on 
the liquid intermediate transfer surface. The ink is 
applied in molten form, having been melted from its 
solid state form. The ink image solidifies on the liquid 
intermediate transfer surface by cooling to a malleable 
solid intermediate state as the drum continues to rotate. 
When the imaging has been completed, a transfer roller 
is moved into contact with the drum to form a pressu- 
rized transfer nip between the roller and the curved sur- 
face of the intermediate transfer surface/drum. A final 
receiving substrate, such as a sheet of media, is then 
fed into the transfer nip and the ink image is transferred 
and fixed (transfixed) to the final receiving surface by 
the pressure exerted on it in the nip. 
[0006] One constraint with the architecture taught in 
the '958 patent is that each of the steps recited above 
must be performed in series, one after another. This 
greatly increases the time required to complete the 
printing process, and also limits the maximum length of 
an image to approximately the circumference of the 



drum. Additionally, the rotational speed of the drum dur- 
ing the transfix process must be considerably slower 
than the speed of the drum during the imaging process 
in order to fully transfer the ink image to the final receiv- 

5 ing surface. 

[0007] With regard to the imaging process, in many 
direct and offset printing systems the print head and the 
final receiving substrate or the intermediate transfer sur- 
face move relative to one another in two dimensions as 

10 the print head jets are fired. Typically, the print head is 
translated along an X-axis in a direction perpendicular 
to media travel (Y-axis). The final receiving sub- 
strate/intermediate transfer surface is moved past the 
print head along the Y-axis. In this manner, the print 

75 head "scans" over the medium/substrate and forms a 
dot-matrix image by selectively depositing ink drops at 
specific pixel locations. An example of this type of imag- 
ing process is disclosed in Europe Patent Application 
No 97 120,322.9 assigned to the assignee of the 

20 present application. This application discloses an imag- 
ing process that utilizes multiple revolutions of the drum 
to deposit the complete ink image on the intermediate 
transfer surface. In the preferred embodiment, the drum 
rotates through 28 revolutions as the print head moves 

25 in an X - axis direction perpendicular to the drum travel 
direction to deposit the image. As with the architecture 
taught in the *958 patent, the maximum length of a given 
image is limited to the circumference of the drum. 
[0008] To increase image density and allow for greater 

30 speeds, multiple print heads may be utilized. It is also 
known to utilize one or more stationary print heads to 
eliminate the necessity of scanning across the transfer 
surface or media. An example of a multiple stationary 
print head printer is disclosed in U.S. Patent 5.677,719 

35 entitled MULTIPLE PRINT HEAD INK JET PRINTER. 
Figure 8 of the 719 patent shows an alternate embodi- 
ment suitable for color printing. Four separate ink jets 
are utilized, with each of the ink jets assigned to one of 
the four primary colors - magenta, cyan, yellow, and 

40 black. To overlay two primary colors to achieve a sec- 
ondary color, the 719 patent requires multiple revolu- 
tions of the drum. One color is applied during one 
rotation and another color is overlayed on the next rota- 
tion. In this manner, multiple revolutions of the drum are 

45 required to form a complete, solid fill full-color ink image 
on the intermediate transfer surface. It follows that the 
maximum length of a given image is limited to the cir- 
cumference of the drum. 

[0009] The 719 patent is directed to reducing the dry- 
50 ing time of an ink droplet on the surface of the drum. 
More specifically, the 719 patent addresses the drying 
time required for an aqueous-based ink droplet to be 
cleanly transferred to the final receiving surface. A dry- 
ing time of three seconds is disclosed, which translates 
55 to a maximum drum rotation speed of 20 revolutions per 
minute, corresponding to a maximum printing speed of 
20 pages per minute. 

[001 0] As the above description illustrates, the speed 
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of the printing architecture disclosed in the 719 patent 
is limited by the required drying times and the use of 
multiple drum revolutions for fill-color printing. The max- 
imum length of an image is also limited to the circumfer- 
ence of the drum. Thus, a need remains for a high 5 
speed ink jet printing system that overcomes the draw- 
backs of the prior art. 

[001 1] It is an aspect of the present invention to pro- 
vide an apparatus and related method for high speed 
indirect ink jet printing. w 
[001 2] It is another aspect of the present invention that 
the apparatus and method form an ink image on an 
intermediate transfer surface and transfer the image to 
a final receiving medium. 

[001 3] It is yet another aspect of the present invention 75 
that the apparatus and method form one or more com- 
plete images on the intermediate transfer surface and 
transfer the image(s) to the final receiving medium in a 
single pass. 

[001 4] it is a feature of the present invention that the 20 
apparatus and method are capable of printing full width 
images having at least a portion that is a solid fill image. 
[0015] It is another feature of the present invention 
that the nozzles in one or more print head modules 
address every pixel location across a support surface in 25 
an X-axis direction, thereby allowing the print head 
modules to print a complete image in a single pass. 
[001 6] It is yet another feature of the present invention 
that the apparatus and method are capable of printing a 
complete image by overlaying two or more component 30 
images in a single pass, with each component image 
having a different color. 

[001 7] It is an advantage of the present invention that 
the apparatus and method perform all of the steps in the 
printing process simultaneously. 35 
[001 8] It is another advantage of the present invention 
that the apparatus and method are capable of printing 
images having a length greater than the circumference 
of the drum/support surface. 

[0019] It is yet another advantage of the present 40 
invention that multiple complete images may be placed 
on the intermediate transfer surface in less than one 
revolution of the drum. 

[0020] It is still another advantage of the present 
invention that the apparatus and method allow duplex 45 
printing. 

[0021] To achieve the foregoing and other aspects, 
features and advantages, and in accordance with the 
purposes of the present invention as described herein, 
an apparatus and related method for high speed offset so 
ink jet printing are provided. Multiple print head modules 
form a full width ink image by ejecting ink drops onto an 
intermediate transfer surface on a rotating drum. One or 
more complete images are formed on the intermediate 
transfer surface in less than one revolution of the drum. 55 
The images are then transferred to a final receiving 
medium while additional images are simultaneously 
formed on the intermediate transfer surface as the drum 



continues to rotate. Two or more color component 
images may be overlay ed to form a complete color 
image in less than one revolution of the drum. Addition- 
ally, the simultaneous imaging and image transfer allow 
the apparatus and method to print images having a 
length greater than the circumference of the drum. 
[0022] The following description is intended to illus- 
trate the invention, by way of example only, reference 
being made to the accompanying drawings in which: 

Fig. 1 is a diagrammatic illustration of a multiple 
print head offset ink jet printing apparatus that uti- 
lizes the apparatus and method of the present 
invention. 

Fig. 2 is an enlarged diagrammatic illustration of the 
transfer of the inked image from the liquid interme- 
diate transfer surface to a final receiving substrate. 
Fig. 3 is an enlarged elevational view of a print head 
module face plate having four arrays of ink jet noz- 
zles for ejecting drops of ink. 
Fig. 4 is a greatly enlarged illustration showing the 
spacing between two horizontally adjacent nozzles 
and two vertically adjacent nozzles on the face 
plate. 

Rg. 5 is an elevational view of four face plates that 
are positioned to eject drops of ink that interleave 
with one another to form a solid fill image. 
Rg. 6 is a schematic representation of a portion of 
a horizontal line printed by face plates 4 and 2 in 
Rgure 5. 

[0023] Fig. 1 is a schematic illustration of a preferred 
embodiment of a multiple print head, offset or indirect 
ink jet printing apparatus 10 according to the present 
invention. An example of an offset ink jet printer archi- 
tecture is disclosed in U.S. Patent No. 5,389,958 (the 
'958 patent) entitled IMAGING PROCESS and assigned 
to the assignee of the present application. The '958 pat- 
ent is hereby specifically incorporated by reference in 
pertinent part. 

[0024] The imaging apparatus 10 in Fig. 1 utilizes an 
offset printing process to place a plurality of ink drops in 
imagewise fashion on a final receiving substrate. In the 
preferred embodiment, the apparatus 10 includes 16 
print head modules 12A - 12N, 12P and 12Q positioned 
around a support surface or drum 14. With reference 
now to Fig. 2, the print head modules 12A - 12N, 12P 
and 1 2Q jet drops of ink 23, 25 in a molten or liquid state 
onto an intermediate transfer surface 9 on the drum 14. 
The intermediate transfer surface 9 is preferably a liquid 
layer that is applied to the drum 14 by contacting the 
drum with an applicator assembly 16 (See Fig. 1). Suit- 
able liquids that may be used as the intermediate trans- 
fer surface include water, fluorinated oils, glycol, 
surfactants, mineral oil, silicone oil. functional oils and 
combinations thereof. The preferred liquid is amino sili- 
cone oil. 

[0025] As shown in Fig. 1 , the applicator assembly 1 6 
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includes a reservoir 18, a wicking pad 20 for applying 
the liquid and a metering blade 22 for consistently 
metering the liquid on the surface of the drum 14. Wick- 
ing pad 20 is preferably formed from any appropriate 
nonwoven synthetic textile with a relatively smooth sur- 
face. A preferred configuration can employ the smooth 
wicking pad 20 mounted atop a porous supporting 
material, such as a polyester felt. Both materials are 
available from BMP Corporation as BMP products NR 
90 and PE 1100-UU respectively. The metering blade 
meters the liquid to have a thickness of from about 
0.025 microns to about 60 microns, and more preferably 
from about 0.05 to about 10 microns. To allow continu- 
ous imaging and printing, the wicking pad 20 and blade 
22 are continuously in contact with the drum 14. The 
reservoir 18 may also be supplied by a separate liquid 
supply system (not shown) to insure an uninterrupted 
supply of liquid. 

[0026] The support surface may take the form of a 
drum 14 as shown in Fig. 1, or alternatively may be a 
belt. web. platen, or other suitable design. The support 
surface 14 may be formed from any appropriate mate- 
rial, such as metals including, but not limited to, alumi- 
num, nickel or iron phosphate, elastomers, including but 
not limited to, fluoroelastomers, per fluoroelastomers, 
silicone rubber and polybutadiene, plastics, including 
but not limited to, polytetrafluoroethylene loaded with 
polyphenylene sulfide, thermoplastics such as polyeth- 
ylene, nylon, and FEP thermosets such as acetals or 
ceramics. The preferred material is anodized aluminum. 
[0027] Liquid or molten ink is ejected from the print 
head modules 12 A - 12N. 12P and 12Q onto the inter- 
mediate transfer surface 9 on the drum 14 to form an ink 
image thereon. A final receiving medium or media 1 1 is 
fed through a preheater 30 and into a transfer nip 32 
formed between the drum 14 and a transfer roller 34. In 
the preferred embodiment, the transfer roller 34 has a 
metallic core, preferably steel, with an elastomeric cov- 
ering having a 40 - 45 Shore D rating. Suitable elasto- 
meric covering materials include silicones, urethanes, 
nitriles, EPDM and other appropriately resilient materi- 
als. With reference now to Fig. 2, the elastomeric cover- 
ing on roller 34 engages the media 11 on the reverse 
side to which the ink image is transferred from the 
exposed surface of the intermediate transfer surface 9. 
As the media 1 1 passes through the nip 32, it is pressed 
against the deposited ink image to transfer the ink 
image to the media. 

[0028] The pressure exerted on the ink image/media 
11 within the transfer nip 32 should be sufficient to 
insure that the ink image is fully transferred to the media 
11. Figure 2 diagrammatically illustrates the sequence 
involved when drops of ink 23, 25, 27 and 29 forming 
the ink image are transferred from the liquid intermedi- 
ate transfer surface 9 to the final receiving substrate 1 1 . 
Returning to Fig. 1. additional processing of the trans- 
ferred ink image on the media 1 1 may be accomplished 
by a pair of post-processing rollers 36. 38 downstream 



from the transfer nip 32. The post-processing rollers 36, 
38 create a fusing nip 39 for fusing or fixing the ink 
image to the media. Preferably, the pressure within the 
fusing nip 39 is much greater than the pressure within 

s the transfer nip 32. In this manner, the transfer nip 32 
need only have sufficient pressure to transfer the ink 
image to the media 1 1 , while the fusing nip 39 may uti- 
lize higher pressures to fuse or fix the ink image into the 
media 11. In the preferred embodiment, the pressure 

10 within the transfer nip 32 is between about 1 0 and about 
1500 pounds per square inch (psi), and more preferably 
between about 100 psi to about 150 psi. The pressure 
within the fusing nip 39 is between about 10 and about 
2000 psi, and more preferably between about 200 and 

75 about 250 psi. 

[0029] Advantageously, by utilizing a lower pressure 
within the transfer nip 32, less force is exerted by the 
transfer roller 34 on the drum 14 during the imaging 
process. This reduces the likelihood of misalignment 

20 between the drum 1 4 and the print head modules 12A- 
12N, 12P and 12Q, particularly in the Y-axis direction, 
and thereby allows for greater consistency in image 
quality. 

[0030] Wrth continued reference to Fig. 1, a duplex 
25 unit 17 may also be utilized to flip the media and allow 
printing on both sides of the media. Alternatively, the 
printed media 1 1 may be fed from the transfer nip 32 to 
a second printing apparatus (not shown) where the sec- 
ond side of the media is printed. It will also be noted that 
30 the media 1 1 is shown as a continuous roll, but may also 
be individual sheets of media. 

[0031] The liquid intermediate transfer surface 9 on 
the surface of drum 14 and the ink image deposited 
thereon are maintained within a predetermined temper- 

35 ature range by an appropriate heater device 28. Heater 
device 28 may be a radiant heater positioned as shown 
or, alternatively, positioned internally within the drum 14. 
Heater device 28 increases the temperature of the drum 
14/ liquid intermediate transfer surface 9 from ambient 

40 temperature to between about 25° C and about 70° C or 
higher. This temperature is dependent upon the exact 
nature of the liquid employed in the intermediate trans- 
fer surface 9 and the composition of the ink. A more pre- 
ferred temperature range is between about 45° C to 

45 about 52° C. 

[0032] In the preferred embodiment, a phase change 
ink is utilized in the printer 10. The phase change ink is 
initially in solid form and is then changed to a molten 
state by the application of heat energy to raise the tem- 

50 perature to about 85° C to about 1 50° C. The molten ink 
is then applied in raster fashion from the nozzles 42 in 
the print head modules 12A-12N, 12P and 12Q to the 
exposed surface of the liquid intermediate transfer sur- 
face 9. The ink cools to an intermediate temperature 

55 and solidifies to a malleable state in which it is trans- 
ferred to the final receiving surface 1 1 via the transfer 
nip 32. This intermediate temperature where the ink is 
maintained in its malleable state is between about 30° C 
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and about 80° C. 

[0033] The ink used to form the ink image preferably 
has fluidic and mechanical properties that meet the 
parameters needed for high speed indirect printing at 
speeds of 1 00 ppm and higher. In particular, the viscos- s 
ity of the ink in a molten state must be matched to the 
requirements of the print head modules utilized to apply 
it to the intermediate transfer surface 9. The viscosity of 
the molten ink must also be optimized relative to other 
physical and Theological properties of the ink as a solid, 10 
such as yield strength, hardness, elastic modulus, loss 
modulus, ratio of the loss modulus to the elastic modu- 
lus, and ductility. Additionally, the hardening time 
required for the molten ink drops on the intermediate 
transfer surface 9/drum 14 to reach a malleable state 15 
suitable for transfer must be sufficiently short to support 
the desired printing speed. For example, to allow a print- 
ing speed of 1 00 ppm, where the length of each page is 
approximately equal to the circumference of the drum 
14, the hardening time of the ink drops on the irrterme- 20 
diate transfer surface 9/drum 14 must be about 0.6 sec- 
onds or less. 

[0034] A preferred phase change ink is comprised of 
a phase change ink carrier composition admixed with a 
phase change ink compatible colorant. More specrfi- 25 
cally, the. preferred phase change ink carrier composi- 
tion comprises an admixture of (1) at least one urethane 
resin; and/or (2) at least one mixed urethane/urea resin; 
and (3) at least one mono-amide; and (4) at least one 
polyethylene wax. A more detailed description of the 30 
preferred phase change ink is found in European Patent 
Application No 99 300521 .4 assigned to the assignee of 
the present application. This application is hereby spe- 
cifically incorporated by reference in pertinent part. 
[0035] It will be appreciated that many other types of 35 
phase change inks having various compositions may be 
utilized with the present invention. Examples of suitable 
alternative inks are described in U.S. Patent Nos. 
4,889,560 (the "560 patent) and 5,372,852 (the '852 pat- 
ent). The '560 patent and '852 patent are hereby specif- 40 
•cally incorporated by reference in pertinent part. The 
inks disclosed in these patents consist of a phase 
change ink carrier composition comprising one or more 
fatty amide-containing materials, preferably consisting 
of a mono-amide wax and a tetra-amide resin, one or 45 
more tackifiers, one or more plasticizers and one or 
more antioxidants, in combination with compatible col- 
orants. 

[0036] In an important aspect of the present invention, 
all of the steps involved in the printing process are per- so 
formed simultaneously, or in parallel, to maximize print- 
ing speed. More specifically, the steps of applying the 
intermediate transfer surface 9 to the drum 14, deposit- 
ing the ink image on the intermediate transfer surface, 
heating the intermediate transfer surface/drum 14, pre- 55 
heating the media 11, transferring the ink image to the 
media and post-processing the ink image on the media 
are all performed simultaneously or in parallel. Addition- 



ally, and in another important aspect of the present 
invention, all of these steps are performed continuously, 
which allows multiple complete images to be placed on 
the intermediate transfer surface 9 in less than one rev- 
olution of the drum 14. As these images are transferred 
to the media, additional multiple complete images are 
simultaneously jetted onto the intermediate transfer sur- 
face 9. This also enables the drum 1 4 to rotate at a fixed 
speed during the entire printing process, thereby avoid- 
ing the necessity of slowing the drum for the transfix 
process or other step. Advantageously, by performing 
all of the steps in parallel and continuously imaging and 
transferring one or more complete images, the printing 
apparatus 10 may print at speeds above 50 pages per 
minute (ppm), and more preferably at 100 ppm and 
higher. In a preferred embodiment, four complete 
images are placed on the intermediate transfer surface 

9 in less than one revolution of the drum, and the drum 
rotates at approximately 25 revolutions per minute (rpm) 
to give a printing speed of 100 ppm. 

[0037] Alternatively, and in another important aspect 
of the present invention, the printing apparatus 10 may 
print images having a length greater than the circumfer- 
ence of the drum 14. As imaging and transfer occur 
simultaneously and continuously, an image of any 
length may be printed by the printing apparatus 10. 
[0038] With reference now to Figure 3, the preferred 
embodiment of each print head module 12A - 12N, 12P 
and 12Q will now be described. Each print head module 
includes a face plate containing a plurality of nozzles 42 
through which the liquid ink drops are ejected. The face 
plate 4 in Figure 3 corresponds to the print head module 
121 in Figure 1. The following discussion of face plate 4 
applies equally to the face plates on each of the other 
print head modules. In the preferred embodiment, face 
plate 4 includes four arrays 44A - 44D of nozzles 42. 
Array 44A is 12 nozzles across by 10 nozzles high, 
while arrays 44B - 44D are each 1 1 nozzles across by 

10 nozzles high. This configuration yields a total of 450 
nozzles 42 on the face plate 4. As explained in more 
detail below, each nozzle 42 is positioned to address a 
different pixel location extending in the X-axis direction 
on the drum 14. 

[0039] In the preferred embodiment the nozzles 42 
are spaced apart vertically and horizontally by a dis- 
tance of about 20 pixels, and each pixel has an approx- 
imate diameter or width of 1/300 inch (0.085 mm). The 
terms "horizontal" and "vertical" are used only in a gen- 
eral sense to indicate directions of reference, and 
should not be interpreted to refer to orthogonal direc- 
tions. From the above description of the dimensions of 
the nozzle arrays 44A - 44D, it will be appreciated that 
the face plate 4 can support 3 inch wide printing ((45 
horizontal nozzles) X (1/15 inch between nozzles) = 3 
inches). 

[0040] Figure 4 is a greatly enlarged illustration of hor- 
izontally adjacent nozzles 42* and 42"' and vertically 
adjacent nozzles 42* and 42". It will be appreciated that 
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the relative placement of nozzles 42\ 42" and 42 m is 
representative of the relative placement of any vertically 
or horizontally adjacent nozzles 42 on the face plate 4. 
As shown in Figure 4, the horizontal centerline-to-cen- 
terline distance 20H between horizontally adjacent noz- 
zles 42* and 42'" is 20 pixels. As discussed above, a 
pixel represents a single dot location within an image. 
The size or dimensions of a pixel will vary depending on 
the resolution of the image. The preferred embodiment 
described herein refers to printing at 300 dpi (1 18 dots 
per cm.), or 300 pixels per inch. Thus, each pixel will 
have an approximate diameter or width of 1/300 inch 
(0.085 mm.), and the above-referenced horizontal dis- 
tance 20H of 20 pixels is equal to 1/15 inch. 
[0041 ] With continued reference to Figure 4, the verti- 
cal centerline-to-centerline distance 20V between verti- 
cally adjacent nozzles 42' and 42" is 20 pixels, or 1/15 
inch. As shown in Figures 3 and 4, the vertical rows of 
nozzles 42 are angled slightly Preferably, the horizontal 
centerline-to-centerline distance 2H between vertically 
adjacent nozzles 42 is 2 pixels, or 1/150 inch (see Fig. 
4). Alternatively expressed, vertically adjacent nozzles 
are offset by 2 pixels, or 1/150 inch. 
[0042] With reference now to Figures 1 and 3, as the 
drum 14 moves past the face plate 4 of print head mod- 
ule 121, the nozzles 42 are selectively fired to place ink 
drops on the intermediate transfer surface on the drum. 
Given that vertically adjacent nozzles are horizontally 
offset by 2 pixels, a horizontal line printed by face plate 
4 would have one pixel gaps between each printed 
pixel. Therefore, in an important aspect of the present 
invention, a second face plate 2 corresponding to print 
head module 12K is horizontally aligned to interleave 
with face plate 4 (see Fig. 5) to enable the printer 10 to 
print a complete, full width image in a single pass, or in 
less than one revolution of the drum 14. It will be appre- 
ciated that the present invention may also utilize a sin- 
gle, full width print head module that includes vertically 
adjacent nozzles that are horizontally offset by one 
pixel, thereby allowing this print head module to print full 
width, solid fill images in less than one revolution of the 
drum 14. 

[0043] More specifically, with reference to Figures 5 
and 6, the nozzles in face plates 4 and 2 are horizontally 
offset by one pixel such that the one pixel gaps between 
vertically adjacent nozzles in face plate 4 are filled by 
the nozzles in face plate 2. Figure 6 illustrates a portion 
of a horizontal line printed by face plates 4 and 2. Pixel 
42'p is printed by nozzle 42* of face plate 4, pixel 43'p is 
printed by nozzle 43' of face plate 2, pixel 42"p is printed 
by nozzle 42" of face plate 4, pixel 43"p is printed by 
nozzle 43" of face plate 2, and so forth. In this manner, 
the nozzles 42 in face plates 4 and 2 are positioned to 
address every pixel location extending across the drum 
14 in the X-axis direction between the leftmost nozzle 
42' in face plate 4 and the rightmost nozzle 43*" in face 
plate 2 (see Fig. 5). Thus, face plates 4 and 2 are capa- 
ble of printing a full width, solid fill image in a single 



pass, or less than one revolution of the drum 14. For the 
purposes of this application, a full width image is 
defined as an image that spans the X-axis distance 
between the leftmost and the rightmost nozzles 42 in a 

5 given arrangement of print head modules/face plates. A 
solid fill image is defined as an image or a portion of an 
image that is fully populated with ink pixels in the X-axis 
direction and the Y-axis direction. 
[0044] As explained above, in the preferred embodi- 

10 ment each print head module/face plate is capable of 3 
inch wide printing. A pair of horizontally aligned face 
plates, such as face plates 4 and 2, supports 3 inch 
wide printing at 300 dpi. With reference to Figure 5, to 
enable the printer 10 to print 6 inch wide solid fill 

is images, a-second pair of horizontally aligned face 
plates 3 and 1, corresponding to print head modules 
12J and 12L, respectively, are interleaved with face 
plates 4, 2. Preferably, the bottom four nozzles in the far 
right vertical row of face plates 3 and 1 interleave with 

20 the top four nozzles in the far left vertical row of face 
plates 4 and 2, respectively. 

[0045] With reference now to Figures 1 and 5, in the 
preferred embodiment the printer 10 utilizes four colors 
of ink, cyan, magenta, yellow and black, for full color 

25 printing. Two interleaved pairs of print head mod- 
ules/face plates, such as face plates 4, 3, 2 and 1, are 
dedicated to each of the four colors. Thus, the preferred 
embodiment of the printer 10 includes four sets of two 
interleaved pairs of print head modules/face plates for a 

30 total of 16 print head modules/face plates. Advanta- 
geously, the four sets of interleaved print head mod- 
ules/face plates are aligned horizontally to print full 
color, 6 inch wide images. More specifically, each of the 
four interleaved pairs of print head modules/face plates 

35 prints a component image in one of the four colors. 
These four component images are overlayed as the 
drum rotates to form a complete, full color image on the 
intermecSate transfer surface in less than one revolution 
of the drum, ft will be appreciated that any number of 

40 print head modules/face plates may be interleaved to 
allow for greater image widths. For example, four pairs 
of print head modules/face plates may be interleaved for 
each color to support 12 inch wide printing. It will also 
be appreciated that any number of colors, such as two, 

45 three or four, may be utilized for printing with the present 
invention. 

[0046] While the invention has been described above 
with references to specific embodiments thereof, it is 
apparent that many changes, modifications and varia- 

so tions in the materials, arrangements of parts and steps 
can be made without departing from the inventive con- 
cept disclosed herein. For example, while the preferred 
embodiment utilizes phase change ink, "it is to be under- 
stood that the invention as described in the appended 

55 claims may be practiced with other types of inks, such 
as aqueous-based and solvent-based inks. 
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Claims 

1 . A method of offset printing in an ink jet printer (10), 
the method comprising the steps of: 

5 

(a) creating relative motion between a support 
surface (1 4) and at least one print head module 
(12); 

(b) applying a liquid to at least a portion of the 
support surface (14) to form a liquid inter medi- 10 
ate transfer surface (9) on the support surface 
(14); 

(c) forming at least a portion of a complete ink 
image on the liquid intermediate transfer sur- 
face (9) in a single pass between the support 75 
surface (14) and the print head module (12) by 
applying drops of ink (23,25) to the liquid inter- 
mediate transfer surface (9); 

(d) transferring at least a portion of the com- 
plete ink image to a final receiving medium 20 
(11); and 

(e) performing steps (a) through (d) simultane- 
ously. 

2. A method as claimed in claim 1 wherein in step (c) 25 
two or more complete ink images are formed on the 
liquid intermediate transfer surface (9) in a single 
pass between the support surface (14) and the at 
least one print head module (12), and in step (d) at 
least a portion of at least one of the two or more 30 
complete ink images is transferred to the final 
receiving medium (11). 

3. A method as claimed in claim 1 or claim 2 wherein 
the support surface (1 4) is arcuate. 35 



complete ink image on the liquid intermediate 
transfer surface (9) in a single pass further com- 
prises the step of forming a full width image by 
addressing every pixel location across the support 
surface (14) in an X-axis direction. 

7. A method as claimed in any preceding claim 
wherein the step of forming at least a portion of a 
complete ink image on the liquid intermediate 
transfer surface (9) in a single pass further com- 
prises the step of forming a full width image having 
at least a portion being a solid fill image. 

8. A method as claimed in any preceding claim 
wherein the step of rotating the support surface 
(14) further comprises the step of rotating the sup- 
port surface (14) at 20 revolutions per minute or 
faster. 

9. A method as claimed in any preceding claim 
wherein the step of rotating the support surface 
(14) further comprises the step of rotating the sup- 
port surface (14) at a fixed speed during the per- 
formance of steps (a) through (d). 

10. A method as claimed in any preceding claim 
wherein the step of forming at least a portion of a 
complete ink image on the liquid intermediate 
transfer surface (9) in a single pass further com- 
prises the step of ejecting drops of ink (23,25) from 
a plurality of drop-on-demand ink jet print head 
modules (12). 

11. A method as claimed in any preceding claim 
wherein the ink is a phase change ink. 



4. A method as claimed in claim 1 or claim 2 wherein 
the step of creating relative motion between a sup- 
port surface (14) and at least one print head mod- 
ule (12) further comprises the step of rotating an 40 
arcuate support surface (14) past the at least one 
print head module (12), and wherein the step of 
forming at least a portion of a complete ink image 

on the liquid intermediate transfer surface (9) fur- 
ther comprises the step of forming at least a portion 45 
of the complete ink image in less than one revolu- 
tion of the arcuate support surface. 

5. A method as claimed in any preceding claim 
wherein in step (c) at least a portion of a complete so 
ink image is formed on the liquid intermediate trans- 
fer surface (9) in less than one revolution of the sup- 
port surface (14) by overlaying two or more 
component images, each of the component images 
having a different color. 55 

6. A method as claimed in any preceding claim 
wherein the step of forming at least a portion of a 



12. A method as claimed in any preceding claim 
wherein the step of forming at least a portion of a 
complete ink image on the liquid intermediate 
transfer surface (9) further comprises the step of 
using a phase change ink that requires a hardening 
time on the support surface (14) of about 0.6 sec- 
onds or less. 

13. A method as claimed in claim 11 or claim 12 
wherein the step of ejecting the drops (23,25) of 
phase change ink further includes the step of eject- 
ing the drops (23,25) of ink at a temperature of 
about 85°C to about 150°C in a molten state onto 
the liquid intermediate transfer surface (9) where 
the ink drops (23,25) solidify into a malleable state 
having a temperature of between about 30°C and 
about 80°C. 

14. A method as claimed in claim 10 further comprising 
the step of positioning at least four of the plurality of 
drop-on-demand ink jet print head modules (12) at 
four different circumferential locations about the 
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support surface (14). 

15. A method as claimed in any preceding claim 
wherein the step of transferring at least a portion of 
the complete ink image to a final receiving medium 5 
(11) further comprises the step of passing the final 
receiving medium (11) through a nip (32) defined by 
the support surface (14) and a transfer roller (34). 

1 6. A method as claimed in claim 1 5 further comprising 10 
the step of continuously urging the transfer roller 
(34) against the support surface (14) during the 
performance of steps (a) through (d). 

17. A method as claimed in any preceding claim 15 
wherein the step of applying a liquid to at least a 
portion of the support surface (14) further com- 
prises the steps of: 

contacting the support surface (14) with an 20 
applicator (16); and 

metering the liquid on the support surface to 
form the liquid intermediate transfer surface 
(9). 

25 

18. A method as claimed in claim 16 wherein the step 
of metering the liquid on the support surface (14) 
further comprises the step of metering the liquid to 
have a thickness of from about 0.025 microns to 
about 60 microns. 30 

19. A method as claimed in any preceding claim 
wherein the step of transferring at least a portion of 
the complete ink image to a final receiving medium 
(11) further comprises the steps of: 35 

transferring the complete ink image to a first 
side of the final receiving medium (11); and 
transferring a second ink image to a second 
side of the final receiving medium (11). 40 

20. A method as claimed in any preceding claim further 
comprising the step of preheating the final receiving 
medium (11) prior to transferring at least a portion 

of the complete ink image to the final receiving 45 
medium (11). 

21 . A method as daimed in any preceding claim further 
comprising the step of maintaining the liquid inter- 
mediate transfer surface (9) and the support sur- so 
face (14) within a predetermined temperature 
range. 

22. An offset ink jet printing apparatus (10) for high 
speed imaging, the apparatus comprising: 55 

a support surface (14) having a plurality of pixel 
locations extending in at least an X-axis direc- 



tion; 

a plurality of print head modules (12) posi- 
tioned adjacent to the support surface (14), 
each of the print head modules (12) including a 
face plate (4); 

a plurality of nozzles (42,43) located on each of 
the face plates (4), the plurality of nozzles 
(42,43) addressing every pixel location across 
the support surface in an X-axis direction; 
a first print head module (12) of the plurality of 
print head modules (12) horizontally aligned to 
interleave with at least a second print head 
module (12) of the plurality of print head mod- 
ules (12) to print a complete image on the sup- 
port surface (14) without relative motion in the 
X-axis direction between the support surface 
(14) and the first print head module (12) or the 
second print head module (12); and 
a transfer apparatus (32,34) for transferring the 
complete image to a final receiving medium. 

23. An apparatus as claimed in claim 22 wherein the 
support surface (14) comprises a rotatable drum 
(14), and the plurality of print head modules (12) 
are positioned in four groups around the drum, with 
each group of print head modules (12) ejecting a 
different color of ink. 

24. An apparatus (10) as claimed in claim 22 or claim 

23 wherein the transfer apparatus comprises a 
roller (34) that is continuously urged against a por- 
tion of the drum (14). 

25. An apparatus (10) as claimed in any of claims 22 to 

24 wherein the apparatus (10) also comprises 
means (16) for continuously applying a liquid to at 
least a portion of the support surface (14) to form a 
liquid intermediate transfer surface (9) thereon. 
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a) creating relative motion between a support sur- 
face (14) and at least one print head module (12); 

b) applying a liquid to at least a portion of the sup- 
port surface (14) to form a liquid intermediate trans- 
fer surface (9) on the support surface (14); 

c) forming at least a portion of a complete ink image 
on the liquid intermediate transfer surface (9) in a 
single pass between the support surface (14) and 
the print head module (12) by applying drops of ink 
(23,25) to the liquid intermediate transfer surface 

O); 

d) transferring at least a portion of the complete ink 
image to a final receiving medium (11); and 

e) performing steps (a) through (d) simultaneously. 




Printed by Xerox (UK) Business Services 
2.16.7/3.6 




EP 0 938 974 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 1399 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document w»th indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



WO 93 07000 A (SPECTRUM SCIENCES BV) 
15 April 1993 (1993-04-15) 

* page 2, line 31 - page 3 t line 27 i 

* page 4, line 18 - page 5, line 1 * 

* claims 1,8-13; figures 1,2 * 



US 5 471 233 A (0KAM0T0 T0RU ET AL) 
28 November 1995 (1995-11-28) 

* column 2, line 56 - column 4, line 24 * 

* column 5, line 24 - column 6, line 6 * 

* figures 2,5 * 

EP 0 694 388 A (TEKTRONIX INC) 
31 January 1996 (1996-01-31) 



column 
column 
column 

column 
column 



* 
* 
* 

* 

1-3 * 



5, line 20 - column 6, line 50 * 

7, line 5 - line 21 * 

10, line 39 - column 11, line 31 

15, 1 ine 6 - 1 ine 27 * 

17, line 11 - line 47; figures 



PATENT ABSTRACTS OF JAPAN 
vol . 010, no. 216 (M-502), 
29 July 1986 (1986-07-29) 
& JP 61 054963 A (CANON INC), 
19 March 1986 (1986-03-19) 
* abstract * 



-/-- 



The present search report has been drawn up lor all claims 



1,22 



3,9,10, 

15,16, 

24,25 

1-5,10, 

11,14, 

15,22-24 



1,3,4, 
10,11, 
13, 

15-18, 
20,21, 
24,25 



1,2,4-7, 
9,14,15, 
23 



B41J2/005 
B41J2/01 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



B41J 



1 

3 



Place of search 

THE HAGUE 



Date of comptetfon of (he seaich 

20 December 1999 



Examiner 

Papastefanou, E 



1 

O 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited tor other reasons 

& : member of the same patent family, corresponding 
document 



2 



EP 0 938 974 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 1399 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of relevant passages 



EP 0 606 490 A (SEIKO EPSON CORP) 
20 July 1994 (1994-07-20) 

* page 5, line 24 - page 6, line 13 * 

* page 6, line 50 - page 7, line 48 * 

* page 9, line 40 - page 10, line 20 * 

* figures 5,6 * 



The present search report has been drawn up lor all claims 



i 



Place of search 

THE HAGUE 



Date of completion ol the search 

20 December 1999 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



Papastef anou, E 



1 

o 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of trie same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



3 



EP 0 938 974 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 1399 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given lor the purpose of information. 

20-12-1999 



Patent document 
cited in search report 



WO 9307000 



Publication 
date 



Patent family 
member(s) 



15-04-1993 



CA 2120602 A 
EP 0606203 A 
JP 7508226 T 



i 

3 
2 
o 

u> For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



Publication 
date 



15-04-1993 
20-07-1994 
14-09-1995 



US 


5471233 


A 


28-11-1995 


JP 


2778331 


B 


23-07-1998 










JP 


5200997 


A 


10-08-1993 


EP 


0694388 


A 


31-01-1996 


US 


5614933 


A 


25-03-1997 


JP 


61054963 


A 


19-03-1986 


NONE 








EP 


0606490 


A 


20-07-1994 


DE 


69318815 


D 


02-07-1998 










DE 


69318815 


T 


03-12-1998 










WO 


9401283 


A 


20-01-1994 










US 


5623296 


A 


22-04-1997 



4 



